Herpes simplex virus (HSV) particles contain a factor which can shut off host protein synthesis during the earliest stages of infection. The efficiency of shutoff varies between different strains of virus, type 2 strains being generally more active than type 1 strains. However, HSV-2 strain HG52 is deficient in host cell shutoff. We have investigated the basis of the different shutoff phenotypes of a strong shutoff strain (HSV-2 strain G), a weak shutoff virus (HSV-1 strain 17 syn +) and HG52 by comparative DNA sequence analysis of gene UL41, which encodes the virion-associated host shutoff factor. The results show that the UL41 genes of strains G and 17 are 86 % homologous and that the lack of shutoff by HG52 is likely to be explained by a frameshift mutation within its UL41 coding sequence.
Herpes simplex virus (HSV) particles contain a factor which can shut off host protein synthesis during the earliest stages of infection. The efficiency of shutoff varies between different strains of virus, type 2 strains being generally more active than type 1 strains. However, HSV-2 strain HG52 is deficient in host cell shutoff. We have investigated the basis of the different shutoff phenotypes of a strong shutoff strain (HSV-2 strain G), a weak shutoff virus (HSV-1 strain 17 syn +) and HG52 by comparative DNA sequence analysis of gene UL41, which encodes the virion-associated host shutoff factor. The results show that the UL41 genes of strains G and 17 are 86 % homologous and that the lack of shutoff by HG52 is likely to be explained by a frameshift mutation within its UL41 coding sequence.
Infection of tissue culture cells by herpes simplex viruses (HSV) results in inhibition of host protein synthesis. This process is brought about by the direct or indirect action of a component of the virus particle which has been shown to be encoded by gene UL41 (Nishioka & Silverstein, 1978; Fenwick & Walker, 1978; Kwong et al., 1988; Fenwick & Everett, 1990) . The consequence of UL41 function is a general destabilization of all host and viral mRNAs, resulting in preferential synthesis of viral proteins because of the more rapid synthesis of their messages (Stenberg & Pizer, 1982; Fenwick & McMenamin, 1984; Schek & Bachenheimer, 1985; Oroskar & Read, 1987 , 1989 Kwong & Frenkel, 1987) . The efficiency of the shutoff process varies between different strains of virus. HSV-2 strain G encodes a particularly active shutoff function which quickly eliminates host protein synthesis and also reduces the stability of its immediate early (IE) RNAs (Fenwick & Clark, 1983; Fenwick & Owen, 1988) . A consequence of this strong shutoff activity is that accumulation of strain G IE polypeptides in cycloheximide reversal experiments is very poor compared to the situation using a weak shutoff strain such as HSV-1 strain 17 syn ÷ (Fenwick & Everett, 1990) . Rather surprisingly, in mixed infection experiments using both strong and weak shutoff viruses, the weak UL41 allele generally inhibits the shutoff induced by the stronger (Hill et al., 1985; Fenwick & Everett, 1990 ). An exception is HSV-2 strain HG52 which is a poor shutoff virus and which fails to inhibit the shutoff induced by strain G (M. L. Fenwick, unpublished 0000-9345 © 1990 SGM observations). We have investigated the nature of the differences between the UL41 alleles of strains 17, G and HG52 by comparative DNA sequence analysis. Fig. 1 shows a map of the HSV genome, the position of the UL41 gene (taken from strain 17; McGeoch et al., 1988) and the restriction map, predicted transcription unit and coding region of UL41 of HSV-2 strain G  this study). The BgllI n fragments of G and HG52, which include the UL41 region shown in Fig. 1 , were cloned into the BamHI site of pUC9 and then the two contiguous SstI fragments, which include the complete UL41 genes of both viruses ( Fig. 1 ), were cloned into pUC19. The EcoRI-HindlII fragments of these latter plasmids (which contain the inserted UL41 genes) were excised, randomly sheared, and cloned into the replicative form of M13mpl9. About 100 plaques from each library were sequenced by the dideoxynucleotide chain termination method (Sanger et al., 1977 (Sanger et al., , 1980 . The DNA sequence of the SstI fragments of strain G is shown in Fig. 2 ; the locations of the differences from the HG52 sequence, and from the previously published part sequences of the type 2 strains 333 and HG52 are listed in Table 1 .
The strain G sequence starts at codon 204 of the UL42 gene, which is read in the opposite orientation from that of the DNA strand printed. The sequences of G and HG52 are exactly the same throughout the first 204 codons of UL42, and the translated amino acid sequence shows very strong homology to the UL42 gene of strain 17 (not shown). Nucleotide 839 in the G sequence was not present in HG52, but this is in the UL42/UL41 intragenic region and therefore does not affect the coding potential of either of these genes. There are two base changes in the UL41 coding region. The first is a deletion of one cytidine residue in the HG52 sequence at position 2125; the result of this is to change the reading frame of the HG52 sequence such that the predicted polypeptide terminates 63 codons later (Fig. 3) . The second change, at nucleotide 2411, is a transition that would not affect the coding potential if the G and HG52 sequences were being read in the same frame at this point. There are several slight differences between the G and HG52 sequences between nucleotides 2592 and 2771, but these are all in the UL41/UL40 intragenic region. One further base change, which does not affect the predicted amino acid sequence of gene UL40, was found at position 3567. Three previous reports have published partial sequences in this region. The HG52 sequence for the UL40 gene (the small subunit of ribonucleotide reductase) determined by the Maxam & Gilbert (1980) method (McLauchlan & Clements, 1983) differs from that presented here in a number of locations in the UL41/UL40 intragenic region. In addition there are transition differences at residues 3175 and 3362 (codons 235 and 173 respectively in HSV-2 UL40) which lead to glycine (in sequences presented here) to asparagine and isoleucine to valine coding changes respectively. Galloway et al. (1984) have presented sequence data covering the carboxy-terminal half of gene UL41 of HSV-2 strain 333. Their sequence differs from that of G and HG52 by the addition of two bases at codon 245 and a further addition at codon 295 which predicts that the strain 333 protein is translated in a different reading flame between these two points. Three further transition differences in the UL41 coding region do not change the predicted translation product. Galloway & Swain (1984) have also , 1988) , with that of HSV-2 strains G and HG52 given below. The numbers refer to the codon numbers of the different proteins. Asterisks indicate amino acid identity. Two gaps have been introduced into the strain 17 sequence to allow maximum alignment. . § The location of the sequence changes in relation to the coding sequences of UL42, UL41 and UL40, and the consequences on the coding potential, are noted.
published a sequence of the UL40 coding region of strain 333. This sequence differs from those presented here, and that of McLauchlan & Clements (1983) , in several locations which result in predicted translation changes. These differences are listed in Table 2 . (1983) . This analysis begins at codon 76, the end of the strain G sequence of this study.
t The strain G sequence given in Fig. 2 ; the single-letter amino acid code has been used.
The strain HG52 sequence taken from McLauchlan & Clements (1983) .
§ The strain 333 sequence taken from Galloway & Swain (1984) .
The critical difference between the G and HG52 sequences in the UL41 coding region is one less base in a run of C nucleotides at position 2124 (codon 343) in the HG52 sequence. The consequence of this frameshift is termination of HG52 translation 63 codons later, giving a predicted protein of 406 amino acid residues of which the first 342 are exactly the same as those of strain G (Fig. 3) . This apparent loss of a cytidine nucleotide in HG52 was confirmed by re-cloning and sequencing the relevant region from HG52 viral DNA; another three independent clones had the same frameshift. Therefore this altered coding potential suggests that the failure of HG52 to suppress host protein synthesis, and its inability to inhibit the shutoff induced by strain G, are the consequences of the production of a truncated UL41 polypeptide. The implication is that the carboxyterminal third of the UL41 protein is essential for its function. This defect in UL41 may affect the growth properties of HG52 in tissue culture and its pathogenesis in animals.
Comparison of the UL41 sequences of strains 17 and G show the predicted polypeptides to be strikingly similar (Fig. 3) . Overall there is 86~ homology, and many of the divergent regions are very similar in nature (for example the acidic region in the vicinity of residue 332). However, it is not possible to predict which coding Short communication changes account for the differences in phenotype between the UL41 proteins of strains 17 and G.
A search of the National Biomedical Research Foundation protein sequence library revealed no clear homology between the UL41 product of G and any other protein, with the exception of gene 17 of varicella-zoster virus. Therefore despite the common occurrence of virusinduced host cell shutoff, at this level of analysis it appears that the UL41 gene might be confined to the alphaherpesviruses. There is no apparent homologue of UL41 in Epstein-Barr virus (McGeoch et al., 1988) .
The protein product of UL41 has not been clearly identified in either infected cells or the virus particle. The sequences presented here will be of help in the identification and study of the UL41 protein since it may be possible to produce type-specific antisera on the basis of the coding differences between G and strain 17 (Fig.  3 ). In addition, the data predict that HG52 virions do not contain a protein of the size corresponding to the UL41 gene products of strains 17 and G.
